On the fine structure of the human conjunctiva, either normal or pathological, only a few electron microscopic studies have been published.
The fundamental structures of the normal human upper conjunctival fornix as observed with the electron microscope were reported by SUZUKI (1956 SUZUKI ( , 1957 , SHIBUYA (1958) and FUJIYA-MA (1961) . SEGAWA (1961) observed the fine structure of the bulbar and fornical conjunctiva affected by epidemic keratoconjunctivitis.
Then WANKO et al. (1964) carried out observations on the normal human bulbar conjunctiva in the perilimbal zone and compared them with the electron microscopic findings on the epithelial cells in other tissues such as the oral mucosa and the epidermis. They pointed out similarities in morphological characteristics between human limbal conjunctiva and other epithelial tissues.
Though these reports dealt with certain parts of the human conjunctiva, the fine structure of the palpebral part of the normal human conjunctiva has not yet been studied by electron microscopy.
In this report three states of the human palpebral conjunctiva, i.e., the normal state, when affected by vernal conjunctivitis and during treatment with steroid hormone, were studied with the electron microscope and compared with one another.
These findings may be useful not only for the amplification of pure morphological knowledge of the fine structure of the conjunctiva, but may also contribute to the clarification of the secretory mechanism of the conjunctival epithelial cells as well as that of the goblet cells.
The pathogenesis of vernal conjunctivitis will be clarified in the near future as the result of many studies using various methods of research including electron microscopy.
This report may also contribute to knowledge of the pathology of vernal conjunctivitis.
Materials and Methods
In this study 20 biopsy specimens of human conjunctiva were used. They were divided into three groups as follows: 1) The first group consisted of specimens from 15 patients affected with palpebral type of vernal conjunctivitis who had received no treatment.
2) Out of the first group, 5 patients were treated with a local injection of steroid (5mg of hydrocortisone) in the upper fornix. One week after injection biopsy specimens were taken for the second group.
3) The control group consisted of 4 patients without clinical signs of conjunctival diseases from whom specimens were taken during operations for strabismus. The operation was performed after instillation of 3% cocaine in drops and subconjunctival infiltrative injection of 3% procaine. The biopsy specimens were taken from the tarsal region. Small specimens of the conjunctiva of the upper lids were cut into halves; one was fixed immediately in 1% osmium tetroxide solution adjusted at pH 7.4 with acetate-veronal buffer and made isotonic with sucrose while the other was fixed in a mixture of 2% osmium tetroxide and 2.5% glutaraldehyde containing acetate-veronal buffer and sucrose. After fixation for about 90 minutes, the specimens were quickly dehydrated with a series of ethanol solutions of increasing concentrations and embedded in Epon 812 (LUFT 1961) . Cutting was performed with a Porter-Blum MT-1 microtome with glass knives. Section were stained with uranyl acetate followed by lead citrate (REYNOLDS, 1963) . A modified HS-7 type electron microscope was used for the examination with either 50 or 75KV in accelerating potential.
Observations

A. The Conjunctival Epithelium
The epithelium, separated from the underlying lamina propria by a basement membrane, usually consists of 2 to 3 layers of epithelial cells though not always constantly.
The individual cells are cubic or polyhedral in the basal and intermediate layers but columnar in the superficial layer. Therefore it may be said that the palpebral conjunctiva is lined with stratified columnar epithelium.
The free surface of the epithelium forms many depressions or crypts of varying depth. In the normal state epithelial cells of the even part of the superficial layer without depressions as well as those in the basal and intermediate layers contain poorly developed cell organelles, while the superficial cells facing the crypt have well developed organelles and many secretory granules which are apt to gather around the crypt. Therefore the crypt may be one of the intraepithelial glands.
Interdigitations are seen between the adjacent epithelial cells. Among the ordinary epithelial cells some goblet cells and a few wandering cells are found. Many dark granules are accumulated at one pole of the cell where cell organelles such as mitochondria and Golgi apparatus are well developed (Fig. 2) . These situated in the cell periphery are smaller than those in the central area. Their content is nearly homogeneous and shows a high or moderate electron density. Some granules especially those along the cell periphery show a lysosome-like appearance, being flattened or elongated (Fig. 2) . Their relationship with the Golgi apparatus can not always be confirmed. Round granules occurring in the central part of the cytoplasm are evidently secretory granules.
Some of the intermediate cells in which the granules can scarcely be seen contain only a small number of round or elongate mitochondria and also a few elements of the Golgi apparatus. However, a rough endoplasmic reticulum is well developed. Aggregated cisternae of the rough endoplasmic reticulum are situated in the meshes of the fine filaments which form a network in the cytoplasm. The rough endoplasmic reticulum is often situated at one pole of the cell or the supranuclear area and consists of 2-5 flat cisternae arranged in parallel lamellae. Moreover, free ribosomes are rich in such cells.
The cell boundary between the adjacent intermediate cells is represented as closely opposed parallel lines which are the cut edges of the two opposed plasma membranes running straightly, but they often form complicated interdigitations. The boundaries between adjacent epithelial cells are occasionally very tortuous, and the narrow intercellular spaces are often occupied by many interlocked microvilli ( Fig. 2 ). Among various types of junctional devices found between the adjacent epithelial cells, the desmosome occurs most frequently and is especially pronounced near the i nterdigitations.
c. Superficial cells
The superficial cells of the normal human conjunctiva are cylindrical or cubic in shap and contain spherical or somewhat flattened nuclei (Fig. 3) . The surface of the nucleus shows many indentations though they are not deep. The nucleus is situated in the central or basal area of the cell. The nucleoplasm shows irregular patches of dark chromatin substance along the periphery. The majority of the cytoplasmic area is occupied by a large number of filaments, and therefore the cytoplasm contains only a few round mitochondria and a few free ribosomes scattered among the filamentous networks.
The Most superficial cells facing directly forwards the air space (AS) project short microvilli. The nucleus (N) has many indentations. Poorly developed cell organelles are gathered around the nucleus. The majority of the cytoplasmic area is occupied by a great number of filaments (FL). The interdigitations of surface of the crypts many homogeneous electron-dense granules can be seen, most of which are dark but a few are clear. They are generally round in shape and stand in rows close to the plasma membrane of the free surface. The even portion of the superficial cell surface directly facing the air space has a few short microvilli while the deep crypt of the epithelial surface is adorned with many long microvilli.
Some of them may be cut in small spherical or rod-like forms as if free from the cell surface ( Fig. 4) . Fig. 4 . The superficial layer of the normal conjunctival epithelium. A deep crypt (CR) on the epithelial surface adorned with many microvilli is seen at the top. The bottom of the crypt extends deeply into the surface cell to form an intracellular ductule (DC). Along the surface of such crypts and ductules many secretory granules (SG) are gathered most of which are dark functional complexes combining the adjacent superficial cells consist of desmosomes and electron-dense parts of the intercellular boundaries which are observed above the desmosomes and probably correspond to the so-called zonula occludens and zonula adhaerens ( Fig. 3, 4 ).
Structural changes in vernal conjunctivitis
Conjunctival epithelia of the upper tarsal region in cases of untreated and hydrocortisone-treated vernal conjunctivitis were compared with the above described normal epithelia. The cell body in untreated vernal conjunctivitis is generally
reduced in size and often more or less elongated. However, the cell organelles in each epithelial cell such as the mitochondria, Golgi apparatus, and rough endoplasmic reticulum are better developed in the untreated cases than in either the normal or hydrocortisone-treated cases ( Fig. 5, 6 ). Namely, the mitochondria are rounded and enlarged in size and occur in clusters in certain parts of the cytoplasm. The Golgi apparatus occupies a large area in the juxtanuclear cytoplasm and consists of well developed lamellae and vesicles. Cisternae of the rough endoplasmic reticulum are usually flattened but somewhat dilated in some parts and arranged at random through the cytoplasm.
Free ribosomes are also rich and tend to gather around the rough-surfaced cisternae of the endoplasmic reticulum or near the clustered mitochondria.
Round or elongate granules with various densities are also abundant, though their occurrence is not alike in all the epithelial cells ( Fig. 5 ).
Fine filaments which are abundant in the epithelial calls under normal conditions are markedly reduced in number in untreated vernal conjunctivitis ( Fig. 5-7 ). cell was found ( Fig. 7) , in which the opposing parts of the membranes of both nuclei are closely apposed to each other leaving a narrow cytoplasmic space differ little in size from each other. This seems to support the view that the cell is really binucleate and not a section of a cell with a U-shaped or lobated single nucleus.
In the epithelial cells of vernal conjunctivitis treated with hydrocortisone, the mitochondria, Golgi apparatus and rough endoplasmic reticulum are fairly well developed but are generally smaller in number than those in the untreated cases. Contrarily cytoplasmic filaments are increased in amount after hydrocortisone administration ( Fig. 8-12 ). Free ribosomes in the cytoplasm are more abundant in both treated and untreated cases than in the normal case. In short the cell organelles are best developed in the untreated cases, next in the hydrocortisone-treated cases, and least in the normal cases.
In a cell from the hydrocortison-treated patient, an accumulation of a dark substance in the flattened cisternae forming the Golgi lamellae was observed suggesting the formation of secretory granules in the Golgi apparatus (Fig. 8 ). The electron density of the secretory granules is highly variable;
as the granules approach the cell surface, the density reduces in most cases. Some of them are opened to the lumen of the crypt or ductule which is continuous to the air surface of the conjunctiva (Fig. 9 ). This corresponds to the extrusion mechanism of a Fig. 7 . A binucleate cell of the conjunctival ehithelium from a case of untreated vernal conjunctivitis. Two nuclei (N) are closely apposed to each other. The cytoplasm contains relaitvely secretory substance called type IV by KUROSUMI (1961) . A fine particulate and filamentous substance adheres to luminal surface of the microvilli extending into the crypt lumen or the air space ( Fig. 9, 12 ). It is supposed to be the secretion of epithelial cells with or without a mixture of mucus from the goblet cells. A hydrocortisonetreated case of vernal conjunctivitis. The cytoplasmic matrix is filled with many fine filaments. Mitochondria (M) and small fragments of the rough endoplasmic reticulum (ER) are scattered. Many microvilli (MV) extend from the cell surface.
Secretory granules (SG) with relatively clear contents are gathered beneath the surface plasma membrane, and some granules open to Large dense granules with spherical or slightly irregular shape are clustered in the cytoplasm of the superficial cells in the hydrocortisone-treated case (Fig. 10,   11 ). They are larger than the secretory granules and not observed near the free Microvilli (MV) extending into the air space (AS) are covered with thick amorphous precipitates.
Epithlial cells contain a considerable number of filaments (FL). The intercellular space (IS) is extremely wide and filled with colloid-like fluid. Cisternae of the rough endoplasmic reticulum (ER) are randomly scattered or arranged parallel to one another. Mitochondria (M) and Golgi apparatus (G) are relatively well developed. Granules of various densities are gathered near the Golgi apparatus and beneath the surface plasma membrane. N nucleus.
surface, but are found in the central part of the cytoplasm especially near the Golgi apparatus. Some are homogeneous and extremely dense while others are less dense and finely granular in texture. From these morphological characteristics these granules seem to belong to lysosomes but not to secretory granules. They are In the normal conjunctival epithelium the intercellular space between adjacent epithelial cells is closely apposed whereas in the epithelia affected by vernal conjunctivitis the intercellular space is more or less widened.
This tendency is most remarkable in vernal conjunctivitis treated with hydrocortisone ( Fig. 10, 11 ). In the latter case such widened intercellular spaces are often filled with a homogeneous fluid or fine reticular substance. Microvillus-like processes extend from the epithelial cells into this space and often form the intercellular digitation; desmosomes occur very rarely.
Goblet cells
The goblet cells are scattered through the epithelial layers and display various forms according to the direction of sectioning; spherical or irregular flattened forms in a cross section, and columnar form in oblique and longitudinal sections ( Fig. 13-15 ). The junctional complex occurs on the lateral cell surface facing the adjacent epithelial cells, and the lateral plasma membrane shows an irregular course extending microvillus-like processes and often forms the intercellular interdigitations.
The cytoplasm is almost entirely filled with many round or polygonal secretory granules while the nucleus is slightly indented by the pressure of these secretory granules (Fig. 13 ). The secretory granules show a wide variation in Fig. 13 . Cross section of a goblet cell through its nucleated part. The specimen was taken from a case of varnal conjunctivitis treated with hydrocortisone.
The nucleus (N) is slightly indented by the pressure of secretory granules (SG). Cisternae of the rough endoplasmic reticulum (ER) density and texture.
In some cases the granules are homogeneous in texture and vary in electron density (Fig. 13, 14) , but in other cases they are heterogeneous with a fine reticular internal texture in the dark granules (Fig. 15 ). In the cytoplasm filled with secretory granules moderately developed cell organelles occur especially along the cell periphery. There are some cases in which the cisternae of the rough endoplasmic reticulum are slightly dilated (Fig. 13) .
The Golgi apparatus is usually well developed forming a round or oval area beneath the apical accumulation of secretory granules. Some dilated cisternae of the Golgi apparatus and also lamellated or flattened cisternae may contain a dark secretory substance suggesting the new formation of secretory granules (Fig. 14, 15 ). The multivesicular body can be seen free near the Golgi area (Fig. 14) .
Projecting small processes from the surface, the goblet cell forms a part of the air surface of the conjunctiva.
The extrusion mechanism of its secretory granules is not clear (Fig. 15 ).
B. The Lamina Propria
The lamina propria of the conjunctiva in the upper tarsal region is separated by the basement membrane from the epithelium.
Fibroblasts, plasma cells, mast cells, eosinophils, blood capillaries and peripheral nerves are scattered.
The intercelluar space of the lamina propria is homogeneous and clear, filled with ample Fig. 15 . The apical part of the goblet cell in the conjunctival epithelium. A case of vernal conjunctivitis treated with hydrocortisone.
The air surface (AS) is seen at the top. Secretory granules (SG) are electron dense and possess a fine reticular internal texture. Below the cluster of secretory granules is seen a small Golgi apparatus (G), where the secretory substance accu-membrane and the pericytes (Fig. 16 ). The basement membrane and a small number of collagenous and elastic fibrils intervene between the endothelium and the pericyte. The nucleus of the endothelial cell is irregular in shape. The attenuated portion of the cell is partly uneven and occasionally protrudes into the capillary lumen.
The junctional complex is located near the lumen along the boundary between the adjacent endothelial cells. There is not a complete tripartite structure, but only zonula occludens is observed. Many small vesicles occur in the attenuated parts of the cndothelial cell. They are seen near the lumen or the basal plasma membranes, and thus suggest of pinocytosis (Fig. 16 ). 
Extracellular substance
The extracellular substance of the conjunctival lamina propria consists of fine collagen fibrils and interfibrillar matrix. The collagen fibrils are generally uniform be stained with neither uranium nor lead and appear as clear negative images.
In vernal conjunctivitis, fine filamentous material occurs in the interfibrillar matrix. Such a substance may accumulate in a large space where the collagen fibrils are rarely observed (Fig. 17 ). In such a place the filamentous substance Some of the collagen fibrils in the lamina propria are not stained and appear as negative images. In the lower right corner one can observe an accumulation of a specific substance consisting of fine filamentous material (F). This substance looks like that accumulated in the widened intercellular spaces of the epithelium appears similar to the amorphous substance which accumulates in widened intercellular spaces in the epithelium in this disease.
In another instance of vernal conjunctivitis such a substance infiltrates into the bundles of collagen fibrils and precipitates there as fine filaments chiefly arranged parallel to the cellagen fibrils. The extracellular substance of the lamina propria thus looks like a thick feltwork of extremely fine filaments intermingled with collagen fibrils (Fig. 18 ).
C. The Wandering Cells
Various wandering cells were recognized not only in the lamina propria but also in the epithelial layers in the conjunctiva of the upper tarsal region in the cases of hydrocortisone-treated and untreated vernal conjunctivitis, whereas in the normal conjunctiva, only neutrophil cells were encountered.
Histiocytes
The cell nucleus is irregularly lobated and large in size. The cell has cytoplasmic processes which contain many round mitochondria (Fig. 19) . The Golgi apparatus is well developed near the nucleus.
This cell type is characterized by Their contents, homogeneous or slightly heterogeneous and mostly electron-dense, Fig. 18 . The lamina propria of the conjunctiva just beneath the epithelium (EP). A part of a histiocyte (H) is seen at the upper right corner. The extracellular substance of the lamina propria is a felt-work of fine filaments intermingled with collagen fibrils (CO). The specimen is are assumed to be the substance engulfed by the cell. The spindle-shaped dense body situated near the plasma membrane of the cytoplasmic process as shown in Figure  22 seems to show the first step of phagocytosis.
Eosinophil Cells
The eosinophils are identified by the presence of round and spindle-shaped contains lipid droplets though in a small number ( Fig. 20, 21) .
Plasma Cells
The plasma cells in the lamina propria are usually round and their nucleus is eccentrically situated. Dark chromatin are clumped beneath the nuclear envelope ( Fig. 22) . The rough endoplasmic reticulum is extremely well developed and its cisternae are often arranged in parallel lamellae (Fig. 22 ). Sometimes these cisternae are dilated containing amorphous substance or round dense granules (Fig. 23) . The latter correspond to the so-called Russell bodies and resemble the intracisternal granules of the guinea pig pancreas (PALADE 1956) . The dilated cisternae of the rough endoplasmic reticulum may also contain elongate rectangular crystalloids The nuclei (N) contain dark chromatin clumps mostly situated along the nuclear periphery. The cytoplasm is filled with extremely well developed endoplasmic reticulum (ER), few but large mitochondria (M) and relatively well developed Golgi apparatus (G). Dark granules with various shapes are seen in the Golgi area. The cell seen at the mid-left portion contains ( Fig. 21) . As the crystalloids are arranged parallel to one another these cisternae are also disposed in parallel.
The Golgi apparatus is situated in the juxtanuclear cytoplasm and is composed of well developed lamellae and vesicles which are arranged in a circular pattern (Fig. 22) . Within or near each circular area, there occur several round or pyriform granules with various sizes and densities which are thought to be one of the lysosomes. The centriole is also found in the Golgi area (Fig. 23) . Large but sparse mitochondria tend to appear in clusters. Lipid droplets are also seen. The Golgi apparatus (G) is seen near the nucleus and contains a centriole (CE). Mitochondria (M) are large in size but few in number. Rough endoplasmic reticulum (ER) is extremely well developed with dilated cisternae. Some cisternae con-
Mast Cells
The mast cell is irregular in outline and extends several microvillus-like processes.
The cytoplasm contains a large number of specific granules which show the following morphological characteristics: 1) Fingerprint-like pattern:
Within the granule a number of membrane sheets are disposed in a scroll-like shape. They appear to be whorls or straight parallel lines as they are cut transversally or longitudinally, respectively (Fig. 24 ). Such small granules may be arranged in rows which cause a reticular appearance of the granule texture (Fig. 26 ). There are some intergrades between Fig. 27 . The basal layer of the conjunctival epithelium from a case of vernal conjunctivitis treated with hydrocortisone. Certain wandering cells have migrated into the epithelium. Among them a mast cell (MC) is fully illustrated at the top. It has specific granules with heterogeneous contents. An elongate process of cytoplasm (X) more clearly seen than that of the epithelial cells granulated forms and reticular ones. In some granules lamellated structures appear in the periphery whose center is occupied by small granules.
As the peripheral lamellae are similar in appearance to the scroll-like membranes of the mast cell granules as described above, such granules are thought to be the transitional type of the specific granule of the mast cell from the fingerprint-like granules to the fine granulated or reticular granules.
Lipid droplets are intermingled with the specific granules.
Smooth-surfaced endoplasmic reticulum is relatively well developed (Fig. 26) . In the Golgi apparatus found in the juxtanuclear zone, no signs of granule formation has been observed. Mitochondria are relatively few in number (Fig. 24-26) .
In the conjunctiva affected by vernal conjunctivits the mast cells are observed within the epithelial layer indicating their invasion of it (Fig. 27 ). Cytoplasmic processes of unknown origin may often be seen in the epithelium.
It is possible that they are from some kinds of wandering cells or from cells corresponding to the dendritic cells in the epidermis.
Neutrophil Cells
The neutrophil polymorphonucleic leucocytes migrate into the epithelium both in the normal and vernal conjunctivitis-affected conjunctiva. They were not observed in the lamina propria. The neutrophils seen in the intercellular space or in the epithelial crypt are oval or polygonal in outline and no remarkable pseudopodia are formed. The nucleus is quite polymorphic and seen double or triple in electron micrographs, because the thin section traverses each part of a lobated nucleus (Fig.  28, 29) . It may send out filamentous processes or contain cytoplasmic invaginations (Fig. 28) . Very dense chromatin substance is distributed in the peripheral part of the nucleus.
The specific granules are electron dense and tend to accumulate in the central part of the cytoplasm. Most granules are rod-like with rounded edges or spindlelike. Small Golgi apparatus consisting of a few lamellae and vesicles occurs near the indentation of the nucleus (Fig. 28 ). Mitochondria are very few in number and small in size (Fig. 29) . Cisternae of the rough endoplasmic reticulum are rare.
Discussion
The ultrastructure of the human conjunctiva has been explored mainly by Japanese ophthalmologists.
Among them SUZUKI (1956) first produced electron micrographs of the normal human conjunctiva in the upper fornical region. His second report (SUZUKI 1957) contained a well-preserved survey picture of the conjunctiva and clearly indicated the arrangement of the epithelial cells as well as the ultrastructural basis of cell attachment. He also described in detail the fine structure of cell organelles found in the conjunctival epithelium in these two reports. SHIBUYA (1958) and FUJIYAMA (1961) then published electron microscopic studies of the same material, i. e., the normal human fornical conjunctiva. SEGAWA (1961) observed the bulbar and fornical conjunctiva affected by epidemic keratoconjunctivitis with the electron microscope. All of these researches in the early days were carried out on specimens embedded in methacrylate, which may have poorly preserved the fine structural elements within the tissue. Thus, for instance, none of the above pioneer researchers were able to recognize the fine filaments filling the cytoplasmic matrix of epithelial cells in the human conjunctiva. WANKO et al. (1964) first applied a new embedding technique using Epon 812 in the study of the human conjunctiva. They observed the normal conjunctiva in the perilimbal zone taken at the time of cataract extraction. In their micrographs which well illustrate the fine structure of epithelial cells cytoplasmic fine filaments are clearly demonstrated. However, no report so far published has referred to the secretory activity of conjunctival epithelial cells.
In the present study the author observed the formation of secretory granules in the Golgi apparatus and their extrusion from the epithelial cells. An accumulation of these granules around the epithelial crypts or intracellular ductules can be recognized not only in the case of vernal conjunctivitis but also in the normal conjunctiva.
This implies that the human conjunctival mucosa secretes surfacelubricating or coating agents containing mucus from the ordinary epithelial cells as well as the goblet cells.
In vernal conjunctivitis the epithelial cells undergo remarkable changes in fine structure, i. e., an increase in size and number of cell organelles such as mitochondria, Golgi apparatus and rough endoplasmic reticulum though the whole cell body is considerably reduced in size. This change may indicate that protein synthesis for secretion is accelerated in the epithelial cells in this disease.
This great secretory activity of epithelial cells in vernal conjunctivitis corresponds to one of the clinical symptoms of this disease, i. e., the mucinous or lardaceous discharge. The reduced size of the epithelial cells may be due to the lack of fine cytoplasmic filaments.
Such filaments may be no longer produced in the epithelial cells when the tissue is affected by this disease. Most ribosomes may be turned towards producing secretory protein instead of filaments.
Soluble proteins which constitute the protoplasm may also be actively synthesized in this condition because it is known that the epithelial cells proliferate extraordinarily.
After treatment with hydrocortisone, cytoplasmic filaments reappear and the development of cell organelles may be somewhat suppressed. The ultrastructure of the epithelial cell in the treated case is thus just the intergrade between the normal conjunctiva and untreated cases of veranl conjunctivitis.
This means the administration of hydrocortisone is effective in the restoration of the ultrastructure of the conjunctival epithelium affected by vernal conjunctivitis.
The main pathological changes in vernal conjunctivitis as explored by light microscopy have been described as follows: 1) a spectacular proliferation of the epithelium; 2) an enormous increase in connective tissue with hyaline degeneration;
The present observation by electron microscopy not only agrees with light microscopic findings, but also explains more detailed changes occurring inside the epithelial cells. In contrast to the marked ultrastructural changes in epithelial cells no remarkable changes in the fine structure of goblet cells were noticed in the specimens of vernal conjunctivitis.
The occurrence of a fine filamentous substance in the lamina propria and especially the infiltration and precipitation of this substance between the collagen fibrils may correspond to the hyaline degeneration of the extracellular substance in the connective tissue characterizing this disease. This substance is greatly accumulated in the lamina propria and also infiltrates the epithelium and is accumulated in the dilated intercellular spaces of the epithelium though to a lesser extent. It is probable that this substance is derived from blood plasma and exudated through the capillary wall which may develop a high permeability in this allergic disorder.
The third charactristic change in the vernal conjunctivitis known by light microscopists is the infiltration into the lamina propria of cells such as lymphocytes, these wandering cells appear not only in the lamina propria but also in the epithelial layer.
The plasma cell contains the most strikingly developed endoplasmic reticulum of the rough-surfaced type.
As the cell is known to produce antibodies, the endoplasmic reticulum attached with ribosomes is assumed to be the site of antibody ed from the rough endoplasmic reticulum into the Golgi apparatus through the mechanism of pinching off small buds from the rough-surfaced cisternae (HUNG 1968 ). This mechanism was first noted in pancreatic acinar cells by PALADE (1961 found crystalloids in the human plasma cells not only in the cisternae of rough endoplasmic reticulum, but also in smooth membranous sacs and freely in the cytoplasmic matrix. In the present observation intracisternal globules and crystalloids were recognized in plasma cells in the lamina propria of the human conjunctiva Russell bodies may develop in hyperimmunized conditions. This fact suggests the pathogenesis of vernal conjunctivitis.
The globules and crystalloids may appear a a result of great stagnation of material in the rough-surfaced cisternae due to the transport-inhibition between the endoplasmic reticulum and the Golgi apparatus or the extraordinary production of proteinaceous substances in the rough endoplasmic reticulum as suggested in the pancreatic acinar cells and pituitary thyrotropic cells GINSBURG and LAGUNOFF (1967) showed vesicular elements in the granules of cultured mouse mast cells, but no similar appearance to the fingerprint pattern was reported.
In the mast cells occurring in the lamina propria of the human conjunctiva, the author observed two or three types of granules, i. e., homogeneous, fine granulated and reticuluar patterns besides the typical fingerprint-like granules. The former patterns correspond to those in animal mast cells reported by the earlier researchers mentioned above. The present study also revealed the occurrence of intergrades between the granulated or reticular type of granules and the fingerprint-like granules in human conjunctival mast cells. Transition from one type to the other may (1967) studied dermal mastocytosis or urticaria pigmentosa and observed the degranulation mechanism after rubbing or administration of Compound 48/80, a histamine-liberator, using the electron microscope. They demonstrated that the granules are transformed, either completely or partially, from the fingerprint type into homogeneous or fine granulated type just prior to discharge. Human mast cells containing homogeneous, fine granulated or reticular granules may be cells readying to liberate products such as histamine and heparin. Histamine is thought to be closely correlated wits the pathogenesis of allergic inflammation. The fact that the mast cells, especially those ready to liberate histamine, can be observed in the conjunctival connective tissue in untreated vernal conjunctivitis suggests the pathogenesis of this disease to a considerable extent.
Summary
The normal human conjunctiva of the upper tarsal region and that affected by vernal conjunctivitis (untreated and hydrocortisone-treated) were observed with the electron microscope.
1. The conjunctiva is lined with stratified columnar epithelium consisting of 2 to 3 layers of epithelial cells intermingled with a few goblet cells. The epithelial surface has considerably deep depressions which are called crypts or intracellular ductules.
2. The epithelial cells show elaboration of small secretory granules of variable electron density in the cisternae of the Golgi apparatus.
The granules are gathered around the crypts or ductules and discharge their contents through a small opening formed at the point of fusion between the limiting membrane of the granule and the surface plasma membrane.
Such secretory activity of ordinary epithelial cells was accelerated in vernal conjunctivitis.
3. Fine filaments which are abundant in the cytoplasmic matrix of the epithelial cells disappear in the cells of conjunctiva affected by vernal conjunctivitis. They reappear after treatment with hydrocortisone.
4. The lamina propria of the conjunctiva is connective tissue rich in blood vessels and myelinated and unmyelinated nerve fibers. When the tissue is affected by vernal conjunctivitis, fine filamentous material may appear in the matrix either aggregated to form a large mass or infiltrating among collagen fibrils. These developments are considered the counterpart of hyaline degeneration seen with the light microscope as a peculiar characteristic of vernal conjunctivitis. Such a filamentous substance also accumulates in the intercellular spaces of the epithelium which widen as one of the pathological changes of vernal conjunctivitis. 5. Various kinds of mesenchymal wandering cells occur especially in the lamina propria, but some of them infiltrate into the epithelial layer. Histiocytes, eosinophils, neutrophils, plasma cells and mast cells were recognized. 6. Some plasma cells contained globules (Russell bodies) and crystalloids in the rough endoplasmic reticulum.
The mast cell granules are highly variable in structure, viz., fingerprint-like, homogeneous, fine granulated or reticular. Mast cells having fine granulated or homogeneous granules are presumably ready to release histamine.
These findings on the plasma cells and mast cells point out the allergic inflammation in the conjunctival interstitium.
his continuous interest and many valuable discussions.
